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The main objective of this work was to evaluate the composition, nutritional, physical and 
rheological properties of wheat flour and dough from genetically modified wheat (Triticum 
aestivum L.) Hi-Line 111 (GMW) compared to conventional wheat (non-GMW). Analyses 
were conducted to measure the proximate chemical composition with references to 18 com-
ponents including total solid, protein, lipids, crude fiber, ash, carbohydrate, minerals, amino 
acids, and fatty acids. In addition, physical and rheological properties such as water absorp-
tion, arrival time, dough development time, stability value, dough weakening value, exten-
sibility of dough, resistance to extension, and ratio of resistance/extensibility were evaluated. 
The results showed that there were no significant differences between GMW and non-GMW 
in terms of chemical composition. Results revealed the presence of saturated and unsatu-
rated fatty acids wherein there were no significant differences between GMW and its coun-
terpart in the levels of fatty acids. In addition, there were no significant differences on the 
levels of amino acids. In addition, there were no significant differences between the GMW 
and non-GMW in the physical and rheological properties. From these results, it can be con-
cluded that GMW Hi-Line 111 is confirmed to have nearly the composition and rheological 
properties as non-GMW. 
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Introduction
Agricultural genetic engineering has opened a new avenue in the development of geneti-
cally modified (GM) plants with enhanced insect or herbicide resistance, abiotic stress 
tolerance, or nutritional improvement (Sthrestha et al. 2008; Raybould et al. 2012). With 
the worldwide commercialization and rapid increase in genetically modified organisms 
(GMO), numerous transgenic crops are being developed with modified trait involving 
multiple genes for more and greater characteristics with the expectation of solving prob-
lem such as disease, weed management, enhancing production efficiency and improving 
functional properties (Shin et al. 2013).
Genetic engineering introduces new genes, new genetic information, and new con-
stituents into the cells of a food-producing organism. These new proteins could them-
selves cause allergies or be toxic (Taylor 1997). Alternatively, they could alter the cellular 
metabolism of the food-producing organism in unintended and unanticipated ways, and, 
in turn, these alternations in metabolism could cause allergens or toxins to be produced in 
food. Another possibility is that the food-producing organism might fail to make some 
important vitamins or nutrients. Consequently, the genetically engineered food would 
lack important nutrients that are normally present in the corresponding non-genetically 
engineered food. In addition genetic manipulations can cause unexpected and unintended 
adverse changes in the composition or characteristics of foods, food ingredients and food 
additives, thereby rendering foods unsafe health-damaging (Elsanhoty et al. 2004, 2013; 
Herman et al. 2009).
Some studies assessed the safety of GM plants and report some changes in serum 
chemistry due to GM foods utilization (Hammond et al. 2004, 2006; Elsanhoty et al. 
2004, 2006). It was observed a few statistically significant differences between rats fed on 
GM corn (MON 810) and its control as well as GM potato Spunta and its control (Elsan-
hoty et al. 2004, 2006). Therefore, assessments of food safety and nutritional value of 
both human food and animal feed derived from GM crops require detailed knowledge of 
the plant composition. 
Consumer concerns regarding GM products relate mostly to unanticipated health im-
pacts that may arise from direct consumption of GM products or products from animals 
fed GM ingredients (Dona and Arvanitoyannis 2009; Martinez-Povida et al. 2009). The 
nutritional quality changes by insertion of the desired gene also is essential, but at the 
same time, nutritional assessment of GM crops is an important aspect of biosafety evalu-
ation, as recommended by food safety regulatory agencies (Chassy 2010). There are some 
of GM crops authorized for use as food or feed in many countries based on those coun-
tries’ criteria for safety assessment. Consumers have demanded appropriate information 
and labeling for foods derived from GM crops. Thus, various labeling systems have been 
introduced for GM foods (Oguchi et al. 2010). Pressure from consumers and public de-
mand has led many countries to require labeling for the presence of GMOs in foods and 
sensitive detection methods for GM foods and feeds (Yoke-Kqueen et al. 2011; Ramadan 
and Elsanhoty 2012; Elsanhoty et al. 2013; Castigliego et al. 2015; Turkec et al. 2016).
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Many of literatures mentioned that there are many risk assessments for GM foods, 
wherein ‘substantial equivalence’ concept was introduced by the Food and Agriculture 
Organization (FAO) and World Health Organization (WHO) in the early 1990s. In 1993 
the Organization for Economic Co-operation and Development (OECD) developed the 
concept of substantial equivalence (Gayen et al. 2013). The technique was focused on 
comparative assessment thorough evaluation of crop composition (Elsanhoty et al., 2004; 
Herman et al. 2009). 
The utilization of GM crops for food, feed and processing was the subject of intense 
debate since their initial introduction into the global market (Domingo and Bordonaba 
2011). Wheat and rice are the most important cereal crops grown in the world today 
(Pimentel 2009). Wheat is the principal source of energy, and dietary fiber for a major 
portion of the world’s population (Abdel-Aal and Hucl 2002). In addition to its basic ca-
loric value, wheat, with its high protein content, is the single most important source of 
protein in the human diet (FAO 2001). 
The genetically modified wheat (Triticum aestivum L.) Hi-Line 111 (GMW), have 
been transformed with plasmid pAB1 harboring the full-length HVA1 cDNA (Hong et al. 
1988; Lanning et al. 1992) to transform immature GMW Hi-Line 111 cv. Hi-Line em-
bryos (Sivamani et al. 2000). This work aimed to study the compositional analysis of 
GMW and non-GMW line as well as the physical and rheological properties of the dough. 
GMW under investigation was developed during the scientific cooperation between Ag-
riculture genetic engineering research institute (Giza, Egypt) and Department of Crop 
Science, North Carolina State University (USA) by introducing of the barley HVA1 gene. 
Encoding a member of the group 3 late embryogenesis abundant (LEA) proteins has been 
introduced into spring wheat cv. Hi-Line to determine its effect on drought tolerance to 
improve biomass productivity and water use efficiency under water deficit conditions in 
GMW constitutively expressing the barley HVA1 gene (Sivamani et al. 2000). 
Materials and Methods
Materials
GMW Hi-Line 111 and its conventional non-GMO control line used in this study were 
cultivated and harvested under the same conditions in the Agricultural Genetic Engineer-
ing Research Institute (AGERI), Agriculture Research Center (ARC) at Giza (Egypt). 
Genetic modification in GMW Hi-Line 111, have been transformed with the plasmid 
pAB1 (Fig. S1*) harboring the full-length HVA1 cDNA (Hong et al. 1988; Lanning et al. 
1992) to transform immature T. aestivum L. cv. Hi-Line embryos, as described by Si-
vamani et al. (2000). A 1.1 kb EcoRI fragment containing HVA1 cDNA was filled using 
Klenow fragment and blunt-end ligated to the previously digested and filled BamHI site 
of pAHC17 to obtain pRQ42 (Hong et al. 1988; Christensen and Quail 1996). A 2.09 kb 
HindIII fragment was obtained from pBARGUS which contains the bar gene driven by 
the CaMV 35S promoter, with the maize Adh1 intron 1 in the 5% non-translated region 
*Further details about the Electronic Supplementary Material (ESM) can be found at the end of the article.
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and the NOS terminator (De Block et al. 1987; Fromm et al. 1990). This fragment was 
ligated with HindIII-digested pRQ42 to obtain pAB1. The bar gene encodes phosphino-
thricin acetyl transferase which inactivates phosphinothricin (De Block et al. 1987). The 
genetic elements in GM line of Triticum aestivum was explained in Fig. S1.
Compositional analysis
Both GMW and non-GMW lines were analyzed for moisture, fiber, protein, ash, and 
minerals according to the AOAC (2005). Amino acids composition was analyzed accord-
ing to Block et al. (1958). Total lipids were extracted according to Bligh and Dyer (1959). 
The profile of fatty acid was determined by GLC equipped with flame ionisation detector 
(FID). Trimethyl sulfonium hydroxide (TMSH) was used for preparation of fatty acid 
methyl esters according to the procedure of (Arens et al. 1994). A Shimadzu system, 
model GC-14A fitted with an sp-2380 fused silica capillary column (30 m × 0.25 mm × 0.2 
mm; Supelco Inc., Bellefonte, PA, USA) was used. The temperature of injection port and 
detector was set up at 250 °C. The oven temperature was increased from 110 °C to 175 °C 
at a rate of 5 °C/min.
Rheological properties of dough
Farinograph test was carried out by farinograph (Brabender, Duisburg, Germany) accord-
ing to the standard AACC methods (2000). The elastic properties of the dough were 
studied using extensograph (Brabender, Duisburg, Germany) according to the standard 
AACC methods (2000). Wet, dry gluten and gluten index of wheat flour were measured 
according to the approved AACC methods (AACC 2000).
Statistical analysis 
Compositional data are presented as means ± confidence intervals (p < 0.05). Means are 
considered as statistically significantly different if their confidence intervals are not over-
lapping. 
Results 
Compositional analysis
Compositional results were compared to results reported for wheat grains and differences 
between the wheat lines were assessed for statistical significance (p < 0.05). Contents of 
proximate are presented in Table S1. There were no statistically significant differences 
between GMW and non-GMW observed for total protein, ash, crude fiber and total car-
bohydrate content. However, GMW exhibited statistically significant higher contents of 
total fat, and statistically significant lower moisture content. 
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Composition of minerals
The comparison of the minerals levels in tested flour samples revealed some differences 
in the minerals content (Table S2). The iron (Fe) content in non-GMW (8.03 mg/100 g) 
was higher than in GMW (7.07 mg/100 g). Zn content for non-GMW (9.54 mg/100 g) 
was lower than GMW (10.0 mg/100 g). Mn content for non-GMW (7.7 mg/100 g) was 
lower than in GMW (8.2 mg/100 g). Concerning the minerals under study, there were 
generally no statistically significant differences observed between non-GMW and GMW. 
However, GMWt exhibited statistically significant lower contents of Mg (–15%). 
Amino acids composition 
The profiel of 17 amino acids in GMW was comparable to those of the control line grains 
(Table S3). These results were either within published literature ranges or within the range 
of historical conventional control values determined in previous studies (Anjum et al. 
2006). Differences between the lines were assessed for statistical significance (p < 0.05). 
There were no statistically significant differences between transgenic and parental wheat 
observed for essential amino acids and some of non-essential amino acids. However, 
GMW exhibited statistically significant higher contents of glutamic acid (+6.7%), and a 
statistically significant lower content of aspartic acid (–17%), and glycine (–8%). 
Fatty acids composition
The fatty acid profile of non-GMW and GMW is presented in Table S4. Capric, lauric, 
myristic, palmitic, palmitoleic, stearic, oleic, linoleic, linolenic, arachidic, gadoleic, and 
behenic acids were identified. As can be noted, the predominant fatty acids were linoleic 
and oleic as unsaturated fatty acids as well as palmitic and behenic as saturated fatty acids. 
Rheological properties of dough  
Wet gluten, dry gluten and gluten index
Gluten is a plastic-elastic protein fraction of wheat flour responsible for physical dough 
properties. The wet gluten quality in the analyzed samples of wheat flour was measured 
by the glutomatic apparatus. Wet gluten content was 24.5% for flour samples from non-
GMW whiel GMW had higher wet gluten (26.03%). On the other hand, dry gluten con-
tent (Table S5) of the tested flour samples was 9.22 and 9.98% for non-GMW and GMW 
flour samples, respectively. 
Farinograph and extensograph
Rheological properties of dough during the mixing process are evaluated to understand 
and predict the behavior of flour in experimental baking tests. The farinograph provides 
checks for uniformity and allow for predictions of baking functionality. So it is used to 
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determine the water absorption of flour (%), arrival time (min), dough development time 
(min), dough stability (min) and dough weakening (B.U.). Farinograph curve gives two 
important physical properties of flour, the water absorption (i.e., the amount of water re-
quired for a dough to reach define consistency), and a general profile of the mixing behav-
ior of the dough (dough development time and stability). Farinograms were obtained for 
experimental flour samples as illustrated in Fig. S2 and the obtained results from farino-
grams were presented also in Table S6. The data revealed that water absorption was 
62.5% of non-GMW, while it was 64.5% for GMW flour sample. On the other hand, ar-
rival time ranged from 0.5 to 1.5 min, dough development time ranged from 1.5 to 2.0 
min, while dough stability showed that the stability values reached more than 12 and 8.5 
min in GMW and non-GMW flour samples, respectively. These results may be due to the 
higher protein content in flour samples of GMW. The results of extensograph parameters 
of tested wheat flour samples are summarized in Table S7 and presented in Fig. S3. Ex-
tensibility of dough recorded 160 and 165 mm for GMW and non-GMW flour samples, 
respectively. Data in Table S7 shows that GMW and non-GMW samples recorded 440 
and 410 BU, respectively. The R/E values of dough made from GMW and non- GMW 
samples were 2.75 and 2.49, respectively. Regarding the strength of dough, it was found 
that dough made from GMW recorded 132 cm2 compared to non-GMW which recorded 
125 cm2.
Discussion
Safety assessment studies conducted on GM wheat was based on the application of the 
principle of substantial equivalence, which has been adopted by leading international 
food and regulatory bodies including the World Health Organization (WHO 1991, 1995). 
According to this principle, a new food or food derived from a GM crop was found to be 
substantially equivalent to its conventional counterpart as safe as the food or feed from 
the conventional plant variety. Substantial equivalence may be classified in three different 
ways; (i) substantially equivalent: this implies complete biochemical identity between the 
novel food and the existing food, expect for the properties conferred by the introduced 
gene; (ii) substantial equivalent expects for some defined traits wherein the novel food is 
substantially equivalent to its traditional counterpart, expect for certain identifiable and 
defined differences, such as that the differing properties would require specific safety 
studies and (iii) lack of equivalence wherein the novel food differs from the traditional 
products in multiple undefined respects, such that the novel food would need to be thor-
oughly examined to assess its safety, before accepted or rejected (Momma et al. 2000). 
 The compositional analysis of GM crops has continued to be an important part of the 
overall evaluation in the safety assessment program (Elsanhoty et al. 2004; Brune 2013; 
Rayan and Abbott 2015). It is important to assess whether the composition of GM wheat 
is substantially equivalent to or has significant differences from conventional wheat. The 
food safety assessment of GMW in this work consists of evaluation of chemical profile of 
GMW and non-GMW as well as characterization of rheological traits of flour and dough 
from both cultivars. 
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The results of chemical composition are in agreement with Han et al. (2005) who re-
ported that, the lipid content in parental rice was slightly higher and moisture was slight-
ly lower than in GM rice. Also, Schröder et al. (2007) reported that GM rice exhibited a 
statistically significant higher protein content (+8%) and a statistically significant lower 
lipids content (–18%). The obtained results also are in agreement with the results pub-
lished by Elsanhoty et al. (2004) who found that there were no significant differences 
between GM potato Spunta  (G2 and G3), and potato Spunta control in the chemical 
composition including levels of glycoalkaloids, protease inhibitor activity and total phe-
nol. Our results were also in agreement with previous results obtained by Wu et al. (2006); 
He et al. (2008); Appenzeller et al. (2009); Rayan and Abbott (2015), who reported that 
there are no significant differences between the GM verities of corn and potato and their 
counterpart. Anjum et al. (2006) and Jiang et al. (2008) reported that, protein content 
ranged from 13.07 to 19.21%. High content of fiber was found in GM wheat (2.71%), 
compared to the non-GM wheat (2.63%). Both crude fiber and ash content in wheat are 
related to the amount of bran in the wheat. The carbohydrate levels were high in non-GM 
wheat (69.9%) in comparison with GM wheat (69.53%). 
Minerals are very important and essential ingredients of diet that required for normal 
metabolic activities of tissues (Hambidge et al. 2004). The zinc (Zn) plays a vital role in 
guarding against diseases and infection. There are 156 enzymes that require zinc for their 
functioning. It has long been known that growth and sexual maturity depend on zinc. The 
recommended daily allowance of zinc is 15 mg (Hambidge et al. 2004). Manganese (Mn) 
is an inorganic nutrient involved in many important enzymes. Our results are in agree-
ment with Ridley et al. (2002); Elsanhoty et al. (2004); Poulsen et al. (2007); Rayan and 
Abbott (2015) who reported that there were no statistically significant differences in the 
content of Ca, Mg, and Zn in non-GM corn and GM corn events (NK603, MON88017, 
MON810 and MON89034, MON88017). However, GM rice exhibited significant higher 
contents of Fe (+144%), Mg (+15%), phosphorous (+19%) and potassium (+31%), as 
well as lower copper content (–19%). Schröder et al. (2007) reported that no statistically 
significant differences were observed between the transgenic and the parental rice in the 
contents of Ca, Mg, phosphorous and potassium. However, the transgenic rice exhibited 
significant lower contents of copper (–57%), Fe (–27%), Mg (–38%), molybdenum 
(–33%), and zinc (–30%). The results also are in agreement with the published literature 
data and ranges of the historical conventional control values determined in previous stud-
ies (Elsanhoty et al. 2006).
The results of amino acids profile were in agreement with the obtained by Schröder et 
al. (2007) who reported the transgenic rice exhibited significant higher contents of all 
amino acids except cystine and proline. In particular, levels of arginine and histidine were 
very high in GM rice compared to non-GM rice. The obtained results were also in agree-
ment with Poulsen et al. (2007) who found that GM rice contained higher contents of 
almost all amino acids. 
The results of fatty acids profile are in agreement with those of Prabhasankar and Hari-
das (2001) who reported that, palmitic acid was the major saturated fatty acid and linoleic 
was the major unsaturated fatty acids in strong and weak wheat varieties. The content of 
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12 fatty acids in GMW was comparable to those of the control line grains. The results 
were within published literature ranges and within the range of historical conventional 
control values determined in previous studies (Elsanhoty et al. 2004; Ramadan and 
Elsanhoty 2012; Rayan and Abbott 2015). There were a statistically significant differ-
ences observed for fatty acid distribution (Table S4). A statistically significantly higher 
proportion of palmitic, linoleic and linolenic acid was found for the transgenic wheat 
(+9%, +0.8% and +51%, respectively), whereas the parental wheat exhibited a statisti-
cally significant higher proportion of lauric, myristic, palmitoleic, stearic, oleic and be-
henic acid (+31%, +27%, +37%, +26%, +5%, and +2%, respectively). On the other hand, 
there were two fatty acids not detected in GMW. There were no statistically significant 
differences between transgenic and parental wheat observed for gadoleic acid. The results 
are in agreement with the obtain results by Schröder et al. (2007); Elsanhoty et al. (2006); 
Rayan and Abbott (2015) who reported no significantly differences between transgenic 
and parental potato spunta, GM corn Bt176, and genetically modified corn events 
(NK603, MON88017, MON810 and MON89034, MON88017).
Concerning the rheological properties of dough, it has been generally accepted that 
any increase in the total protein content of the flour results in an increase in gluten content 
(Perten et al. 1992), which coincide with present study where protein percentage in GMW 
was higher than the percentage in non-GMW, although this increase was not significant. 
The results are consistent with those reported by Kucek et al. (2015) who found that, wet 
gluten content of different varieties of wheat was ranged from 21.3 to 32.3%, while dry 
gluten content was ranged from 8.44 to 11.7%. Concerning to the gluten index value, it 
was recorded 88.9 and 95.05% for non-GMW and GMW flour samples, respectively. 
These results are in harmony with those reported by Ferrari et al. (2014); Oikonomou et 
al. (2015), who reported that gluten index values of different wheat flours were ranged 
from 50.0 to 99.3% depending on the varieties. 
Our results are in line with the results obtained by Ferrari et al. (2014); Oikonomou et 
al. (2015), who reported that, the mixing time stability gives some indication of flour’s 
tolerance to mixing. Flour with long times are stable to mixing than flour with short times. 
Flour with low protein content is known to have short stability times. However, the data 
of the dough weakening revealed that non-GMW flour sample had higher value (80 B.U.), 
whereas the GMW flour sample recorded zero of dough weakening value. This finding is 
in agreement with Ertugay et al. (2007); Ferrari et al. (2014); Oikonomou et al. (2015) 
who demonstrated that the water absorption is a function of protein content but other fac-
tors, especially starch damage during milling, also affect water absorption. Variations in 
dough stability, and other farinogram measurements indicated clear differences in gluten 
quality of the wheat samples. Such variation could be due to flour strength, since dough 
stability is an important index for flour strength which is based on the quality and quan-
tity of dough protein that could capture sufficient amount of produced gas during fermen-
tation. 
Our results agree with Hruskova et al. (2001) and Vaiciulyte-Funk et al. (2015), who 
stated that the genetically engineering and organic culture affected of dough properties 
especially in extensibility. Resistance to extension is usually defined as the ability of the 
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dough to regain its shape after extension. It depends on the amount of glutenin in the 
dough. 
We can conclude that GMW with the plasmid pAB1 harboring the full-length HVA1 
cDNA was similar in the chemical composition to non-GMW. Therefore, the safety of the 
GMW Hi-Line 111 may be guaranteed by substantial equivalence according to the above-
mentioned classification. The introduction of this combination of genetic elements in 
wheat had no adverse effect on the whole chemical composition tested. On the other 
hand, there were no significant differences between GMW and non-GMW in terms of 
gluten index as well as physical and rheological properties of wheat flour dough.  Based 
on the obtained results and on the basis of the principles of substantial equivalence (as 
proposed by WHO and FAO), it can be concluded that the composition of the GMW Hi-
Line 111 is substantially equivalent to that of the conventional control line.
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